TEIiECOMMONICATIONS NETWORK 
TECHNICAL FIELD OF THE INVENTION 

This invention relates to a mobile 
telecommunications network, and more specifically to a 
CDMA cellular network, or other cellular network using 
macrodiversity, in which mobile terminals can be handed 
over from one cell to another. 
BACKGROUND OF THE INVENTION 

In cellular telecommunications systems, there is 
conventionally a mechanism to allow a mobile terminal 
to be handed over, from -communicating with a base 
station in one cell, to another base station in another 
cell . 

The GSM system (Global System for Mobile 
Comimanication) is a TDMA (Time Division Multiple 
Access) system. That is, each available frequency is 
divided into time slots, and each time slot is a 
channel, to which a mobile terminal Ccin be allocated. 
In GSM, a mobile terminal is handed over from one cell 
to another when certain conditions are met . For 
example, a handover may take place depending on signal 
strength measurements, made in the mobile teirminal, for 
signals received from several base stations. Thus, 
each cell has a set of thresholds associated with 
handovers to that cell from each neighbouring cell. 
When the relevant threshold is reached, a mobile 
terminal in the relevcint neighbouring cell will be 
handed over. Since the threshold levels can be set by 
the network operator, this gives flexibility in causing 
some handovers in preference to others. 

For example, hierarchical cell structures can be 
used, in which macro cells might cover relatively large 
areas, micro cells might cover smaller areas where 
users are concentrated, and pico cells might cover even 
smaller areas, such as single buildings, which have 
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particularly high concentrations of users. 

Each neighbouring cell is then allocated a 
different set of frequencies, and a mobile terminal can 
be directed to use a specific channel. In such a 
situation, it is undesirable for a mobile terminal in a 
moving vehicle communicating witji a macro cell to be 
handed over to a pico cell associated with a specific 
building, even if that pico cell is momentarily giving 
the strongest signal. To prevent users being allocated 
to inappropriate cells, thresholds for handovers can be 
set which, for example, -make handovers from macro cells 
to pico cells less likely. 

er exam p le, WOD8/ 5 3652 deocrib eg— a system -ife::- 
which there may be a neighbourhood zone, which m^y^-^OT 
example cover a single building includjjag-^s^veral 
cells. All cells withintS^-nri^Ighbourhood zone share 
the same list ofnedr^fibouring cells, which means that 
all base s^^^rions in the neighbourhood zone instruct 
assopar^ted mobile stations to monitor and measure the 
PT^* ? ] i Hi" of monmir'^m p nt ^hf ^ nn ^ln^ 

CDMA (Code Division Multiple Access) systems also 
exist • These share some of the features of TDMA 
systems such as GSM, but have important differences. 

In a CDMA system, it is difficult to have 
hierarchical cell structures, because the same 
frequency band is typically used for all cells, and the 
power regulation in effect reqpiires that neighbouring 
cells have a similar size. 

Further, CDMA systems typically use macro - 
diversity. This means that at any given time,, a mobile * 
terminal may have radio links to more than one cell. 

Further, CDMA systems typically do not set 
different handover thresholds, for handovers into a 
particular cell, depending on the cell in which the 
mobile is at present located. 
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SUMMARY OF THE INVENTION 

CDMA systems consider handovers in a way which is 
rather different from TDMA systems. In a macro 
diversity CDMA system, the definition of a handover is 
5 when a new connection is set up between a MS and a base 

station site. When a new connection is set up, an pld 
connection is not automatically released, and 
conversely if a connection is released for some reason, 
a new connection is not necessarily automatically set 
10 up. 

Further, different .sorts of handover are possible 
in a network using macrodiversity . For example, a 
mobile terminal may establish a new radio link with a 
base station with which one radio link is already 

15 established. Alternatively, a mobile terminal may 

establish a new radio link with a new base station, 
controlled by a radio network controller which controls 
a base station with which a radio link is already 
established. Further, alternatively, a mobile terminal 

20 may establish a new radio link with a new base station, 

controlled by a different radio network controller from 
that which controls a base station with which a radio 
link is already established. 

These different sorts of handover have different 

25 costs associated therewith for the network operator. 

It is therefore desirable for the network operator to 
have a way of controlling which handovers are carried 
out . 

The present invention is concerned with a method, 
30 and a network, in which cells are considered in groups. 

When a handover is contenplated, the system takes into 
account the groups which include the cells to which 
radio links are already established and the group which 
includes the cell to which the establishment of a new 
35 radio link is contemplated. 
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A candidate cell must meet a quality criterion 
before a new radio link is established thereto. The 
quality criterion which is applied is more difficult to 
meet in the case of a candidate cell which is in a 
different group from all existing cells to which radio 
links, are already established, than in the case of a 
candidate cell which is in the same group as a cell to 
which a radio link is already established- 

This allows the network operator some flexibility 
in discouraging handovers which involve higher costs. 
BRIBF DESCRIPTION OF DRAWINGS 

Figure 1 shows a first network in accordance with 
a simplified embodiment of the invention. 

Figure 2 shows a second network in accordance with 
the invention. 

Figure 3 shows a third network in accordance with 
the invent i on . 

DETAILED DESCRIPTION OF PPiegTeppTs m EMBODIMENTS 

Figure 1 is a schematic illustration of a Code 
Division Multiple Access (CDMA) radio 
telecommunications network in accordance with the 
invention. As is conventional, the area served by the 
network is divided into cells 101, 102, 103, 104, 105, 
106, 201, 202, 203, 301, 302, 303, only some of which 
are shown in Figure 1 . Each cell includes, a base 
station (BTS) 111, 112, 311, 312, of which again only 
some are shown in Figure 1. Each base station is 
controlled by a respective radio network controller 
(RNC) 121, 321, of which again only a small number are 
shown in Figure 1 . . : 

In the area represented by Figure 1, a highway 400 
runs close ,to a town 410. 

In accordance with the invention, cells 101, 102, 
103, 104, 105, 106 along the highway 400 are considered 
to be in a particular zoi^, referred to as Zone 1, 
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cells 201, 202, 203 serving the town 410 are considered 
to be in a different zone, referred to as Zone 2, and 
cells 301, 3 02, 303, which are controlled by a 
different RNC from the other cells shown in Figure 1, 
5 are considered to be in a: further different zone, 

referred to as Zone 3. Dashed line 420 "represents the 
border arotind Zone 2, while dashed line 430 represents 
the border between Zones 1 and 3 . 

The zones may be defined by the network operator 
10 using any desired criteria. The zones are also 

referred to herein as groups. Although it may be 
desirable for groups of cells to be in geographically 
distinct zones, as illustrated in Figure 1, this is not 
necessary. 

15 In a CDMA system, there are three types of 

soft /softer handover. 

In a softer handover, a new radio link is added 
between a mobile station and a base station to which 
that mobile station already has a radio link. The only 

20 additional resource recjuired for this new radio link is 

a channelisation code. 

In the case of an intra -RNC soft handover, a new 
radio link is added between a mobile station and a base 
station which has no radio link to that mobile station . 

25 This requires a channelisation code for the new link, 

and also uses hardware and software in the new base 
station, and requires a transmission link between the 
new base station and the RNC, and an entry in the 
diversity handover (DHO) unit in the RNC. 

3 0 In the ca'se of an inter-RNC soft handover, a new 

radio link is added between a mobile station and a base 
station which not only has no radio link to that mobile 
station, but is controlled by a different RNC from the 
base station (or base stations) which has (or have) 

35 such links. This again requires a channelisation code 



for the new link, and uses hardware and software in the 
new base station, and requires a transmission link 
between the new base station and the new RNC, hardware 
and software in the new RNC, a transmission link 
between the old RNC and the new RNC, and sometimes an 
entry in the diversity handover (DHO) unit in the old 
RNC. 

It can thus be seen that the different types of 
handover require very different levels of resources. 

A mobile station typically has simultaneous 
connections (radio links) to a number of cells. These 
cells are called the ^active set" . Typically, an 
active set can contain a maximum of four cells. 

Conventionally, an active mobile station makes 
measurements on other cells. Each cell not in the 
active set is compared with the best cell in the active 
set and, if it is better than a threshold level set a 
first predetermined amount below the best cell, it is 
added to the active set. If the active set already 
contains the maximum number of cells, the new cell is. 
compared with the worst cell in the active set, and 
replaces the worst cell only if it is better than a 
threshold level set a second predetermined amount above 
the worst cell- A cell can be removed from the active 
set at any time if it is worse than a threshold level 
set a third predetermined amount below the best cell. 

The present invention provides a way of preventing 
or discouraging handovers which are of relatively high 
cost, by effectively adjusting the values of these 
first, second and third thresholds. This is 
illustrated first with reference to Figure 1. 

In Figure 1, as mentioned above, the cells are 
defined as being in different groups or zones. Each 
zone has a cost value associated therewith for the 
purposes of determining which new radio links should be 
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established. This cost value means that a new radio 
link will be established only when any such cost 
associated therewith is exceeded by the benefit of 
establishing the link. The cost can be that a higher 
5 signal quality threshold must be reached, or that a 

particular signal quality threshold must b6 maintained 
for a longer time. 

An alternative is that each cell could have a cost 
value associated therewith, allowing different cost 
10 values for different cells within a group. 

Once a mobile station has estc±>lished a radio link 
with one base station in a group, no further cost is 

~ associated with the establishment of radio links with 

SJ other base stations in the same group. 

^ 15 Zone 2 in the Figure 1 example is preferably 

Mi reserved for mobile stations within the town 410. 

m Meanwhile, cells in zone 3 are controlled by a 

different RNC from cells in zones i and 2. Thus, it is 
generally preferable for a user travelling on the 

U 20 highway 40 0 to establish links only with cells in zone 

ill 1. 

^ This is achieved in that, when the user is 

travelling on the highway, with links established with 
cells in zone 1, the existence of the costs associated 

25 with the other zones means that new radio links will be 

established with cells in zone 2 or zone 3 only if such 
radio links become good enough to overcome the penalty 
associated with the establishment of a link with a new 
handover zone. Under normal conditions, travelling on 

3 0 the highway 4 00, the user will therefore only establish 

links with cells in zone 1. 

However, if the mobile station user leaves the 
highway 400 and enters the town 410, it will probably 
be desirable for him to use the cells which cover the 
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town. In this situation, the way the invention works 
is that, at first, all links are established with cells 
in zone 1. The existence of the costs associated with 
the other zones means that a new radio link will be 
established with a cell in zone 2 only if such a cell 
meets a relatively high required threshold. This 
provides a way of ensuring that radio links are 
normally established with cells covering the town 410 
by mobile stations actually located within the town. 

However, as soon as the mobile station establishes 
a new radio link with one cell in zone 2, it belongs to 
both zone 1 and zone 2, and no additional cost is 
associated with any other cell in zone 1 or in zone 2. 
For a mobile station within the town 410, this will 
noanmally mean that thereafter new radio' links will 
rapidly be established with cells in zone 2- When the 
last radio link to a cell in zone 1 has been removed, 
and the mobile station only has links to cells in zone 
2, it belongs only to cells in zone 2. The existence 
of the costs associated with the other zones then means 
that a new radio link will be established with a cell 
in zone 1, for example, only if such a cell meets a 
relatively high required threshold. Of course, this 
happens only if the link with the cell in zone 1 
becomes good enough to overcome the penalty associated 
with the establishment of a link with a new handover 
zone . 

The costs associated with the zones can differ, 
making it easier for a mobile station belonging to zone 
1 to establish links 'with cells in zone 2 than for a 
mobile station belonging to zone 2 to establish links 
with cells in zone 1, or vice versa, .if desired. 
Moreover, the costs can be varied by the network 
operator at different times etc. 

The invention can also be illustrated with 



reference to a user travelling on the highway 4 00 who 
crosses the border 430, into an area covered by cells 
controlled by the RNC 321. In this situation, the way 
the invention works is that, at first, all links are 
established with cells in zone !• The existence of the 
costs associated'^ with the other zonea means that a new 
radio link will be established with a cell in zone 3 
only if such a cell meets a relatively high reqpiired 
threshold. 

However, as soon as the mobile station establishes 
a new radio link with one cell in zone 3, it belongs to 
both zone 1 and zone 3, and no additional cost is 
associated with any other cell in zone 1 or in zone 3 . 
For a mobile station now travelling in zone 3, this 
will normally mean that thereafter new radio links will 
rapidly be established with cells in zone 3. When the 
last radio link to a cell in zone 1 has been removed, 
and the mobile station only has links to cells in zone 
3, it belongs only to cells in zone 3. The existence 
of the costs associated with the other zones then means 
that a new radio link will be established with a cell 
in zone 1, for example, only if such a cell meets a 
relatively high required threshold. Of course, this 
happens only if the link with the cell in zone 1 
becomes good enough to overcome the penalty associated 
with the establishment of a link with a new handover 
zone . 

The effect of this is that, for most of the time, 
the mobile station will belong only to one zone or 
another, and thus only one RNC will need to be involved 
in the control thereof. Conpared with a conventional 
situation, there is only a relatively short time period . 
in which the mobile station is controlled by two RNCs 
which, as discussed earlier, is relatively expensive 
for the network in terms ^of resources employed. 
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However, although the tendency of the system is to 
maintain a user in only one zone, this can be 
overridden. For example, when the user is travelling 
on the highway, with links estc±>lished with cells in 
zone 1, he may encounter poor radio conditions. In 
such a situation, radio links with cells in zone 2 or 
zone 3 might be evaluated as in some way considerably 
better than radio links which could be established with 
cells in zone 1. Depending on the relative quality of 
such alternative links, and the relative costs 
associated with the other zones, links can be 
established with cells in zone 2 and/or cells in zone 
3, 

Figure 2 shows a representative part of an example 
of a network with costs associated With establishing a 
new link not just at one level, but at two. 

Thus, the illustrated part of the network includes 
three base stations RBS-A, RBS-B and RBS-C, which 
provide coverage to respective cells. Base stations 
RBS-A and RBS-B are handled by one radio network 
controller RNCl, while base station RBS-C is handled by 
another radio network controller RNC2 . Each base 
station handles communications with three cells, a, b 
and c respectively- A mobile can establish a separate 
link with each cell A. a, A.b, A-c, B.a, etc. 

In this example, there is one handover zone 
associated with each base station, and one handover 
zone associated with each radio network controller. 
The zones, to which each sector belongs, are shown on 
Figure l.\ Thus cell A. a belongs to handover zones 
1,101, zone 1 being associated with base station RBS-A 
and zone 101 being associated with radio network 
controller RNCl. Similarly, cell C.b belongs to 
handover zones 3,102, zone 3 being associated with base 
station RBS-C and zone 102 being associated with radio 
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network controller RNC2. 

Thus, if for exanple the active set at one moment ^ 
consists of cell A. a only, there is no penalty 
associated with cells A.b or A.c, since they both 
belong to the same handover zones as cell A. a. Thus, 
radio links to those cells can be added if they meet ;r ; 
the usual thresholds. 

However, adding cell B.b would mean introducing 
handover zone 2, and a radio link to this cell is added 
only if the required threshold is met even after 
application of the penalty associated with handover 
zone 2 . 

Further, if for example the active set at one 
moment consists of cell B.c only, adding cell C.a would 
mean introducing two new handover ' zones, handover zone 
3 associated with base station RBS-C, and handover zone 
102 associated with radio network controller RNC2 . As 
a result, a radio link to this cell is added only if 
the required threshold is met even after application of 
the penalties associated with these two handover zones , 

Figure 3 shows a representative part of an example 
of a network with costs associated with establishing a 
new link at three levels. 

Thus, the illustrated part of the network includes 
eleven base stations RBS-A, RBS-B, RBS-C, . • - , RBS-J, 
RBS-K, which provide coverage to respective cells. All 
eleven base stations are handled by one radio network 
controller RNCl, so in this example there is no need to 
establish a radio link with any new controller, but it 
will be ' .appreciated that the cells may be controlled by 
different radio network controllers, and that handover 
zones may be defined which coincide with the extent of 
the cells controlled by one RNC. 

As in Figure 2, each base station handles 
communications with three cells, a, b and c 
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respectively . A mobile can establish a separate link 
with each cell A. a, A.b, A,c, B.a, etc. 

In this exartple, there is one handover zone 
associated with each base station, and one handover 
zone associated with the single radio network 
controller. Moreover, additional handover zones are 
defined to further manage the allocation of network 
resources. Specifically, the area under consideration 
includes an urban area 501, a major highway 502, and a 
minor road 503 riinning from the highway through the 
urban area. 

In general, it is preferable if radio network 
users in fast moving vehicles on the highway 502 can be 
restricted to establishing radio links with the shaded 
cells, thereby ''^protecting" the unshaded cells, unless 
establishment of a link with an unshaded cell is really 
required. 

Thus, the shaded cells belong to one handover zone 
555, while the unshaded cells belong to a different 
handover zone 2 01. 

The zones, to which each cell belongs, are shown 
on Figure 3. Thus cell A. a belongs to handover zones 
1,101,201, zone 1 being associated with base station 
RBS-A, zone 101 being associated with the radio network 
controller, and zone 2 01 being associated with the 
unshaded cells covering the urban area 501. Similarly, 
sector J.b belongs to handover zones 10,101,555, zone 
10 being associated with base station RBS-J, zone 101 
being associated with the radio network controller, and 
zone 555 being associated with the shaded cells 
covering the highway 502. 

In the case of a network user travelling on the 
highway 502, and about to leave the highway to travel 
on the road 503, he will probably have cells I. a and 
I.b in the active set, arid may for example have cells 
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H.c and J.b also in the active set. When first 
travelling on the minor road 503, the link with the 
cell I.b will probably become noticeably worse than 
that with the cell I, a, and will then be removed from 
the active set. By contrast, as the mobile user 
travels into cell F.b, the link with that cell will 
become better. However, establishment of a connection 
with cell F.b will only occur when that link becomes 
good enough to overcome the penalty associated with the 
establishment of links with two new handover zones, 
namely zones 6 and 201. - 

Once the link with cell F.b has become good 
enough, compared with the link with cell I. a, to meet 
the required threshold, a connection is established. 
Thereafter, no additional penalty is imposed on the 
establishment of a connection with cell F.a, for 
example, because the mobile is already in the three 
handover zones which cell F.a is in. 

Thought must be given to the setting of the 
penalty values associated with the different handover 
zones. For example, the penalty associated with zone 
201 should preferably be set high enough to prevent 
most mobiles on the highway 502 from connecting to 
cells in this zone, but must not be set so high that it 
prevents the establishment of good quality connections 
for mobiles which leave the highway and enter the town 
501. 

As well as penalty values as described above it is 
also possible to set "^negative penalties'' which promote 
handovers to particular cells, by allowing the 
establishment of certain radio links, even if the 
normal criteria are not met . 

When establishment of a particular connection 
would involve entering two new handover zones, the 
penalty associated therewith can be calculated in 
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different ways. For example, the penalty may be the 
higher of the two penalties associated with the two new 
handover zones. Alternatively, the penalty may be the 
sum of the two penalties associated with the two new 
handover zones. 

As disQussed above, establishment of a connection 
with a base station which is controlled by a different 
RNC from all existing connections (an inter-RNC 
handover) requires more additional resources than 
establishment of a connection with a base station to 
which there are no existing connections, but which is 
controlled by the same RNC as one or more existing 
connections (an intra-RNC handover) . Thus, the penalty 
associated with an inter-RNC handover can 
advantageously be higher than that associated with an 
intra-RNC handover. 

There is thus described a network, and a method of 
operation thereof, which allow a network operator to 
influence movements of a mobile station within the 
radio environment . 



